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DETAILED ACTION 

Continued Examination Under 37 CFR 1.114 

A request for continued examination under 37 CFR 1.114, including the fee set 
forth in 37 CFR 1 .1 7(e), was filed in this application after final rejection. Since this 
application is eligible for continued examination under 37 CFR 1.114, and the fee set 
forth in 37 CFR 1 .17(e) has been timely paid, the finality of the previous Office action 
has been withdrawn pursuant to 37 CFR 1.114. Applicant's submission filed on 
4/24/2009 has been entered. 

Remark 

1. Claims 1-2, 4-7, 9, 12-17 are pending in the application. Claim 17 has not been 
further treated on the merits, because it is invalid as depending on a canceled claim. 

Claim Rejections - 35 USC §112 

2. The following is a quotation of the first paragraph of 35 U.S.C. 112: 

The specification shall contain a written description of the invention, and of the manner and process of 
making and using it, in such full, clear, concise, and exact terms as to enable any person skilled in the 
art to which it pertains, or with which it is most nearly connected, to make and use the same and shall 
set forth the best mode contemplated by the inventor of carrying out his invention. 

3. Claims 1-2, 4-7, 9 and 12-16 are rejected under 35 U.S.C. 112, first paragraph, 
as failing to comply with the written description requirement. The claim(s) contains 
subject matter which was not described in the specification in such a way as to 
reasonably convey to one skilled in the relevant art that the inventor(s), at the time the 
application was filed, had possession of the claimed invention. 
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As amended, claim 1 recites the limitation "the volume ratio of the photo absorber 
to at least one conductor is in the range of between 2 to 7" in lines 10-11. There is no 
support found for this limitation in the originally filed disclosure. In page 3, 2nd 
paragraph, Applicant describes the volume ratio of the photon absorber to the 
conductors is in the range between 2-7, and "the conductors" are as in plural form. 
Applicant does not describe "the volume ratio of the photon absorber to at least one 
conductor is in the range of between 2 to 7" (emphasis added) any where in the 
originally filed disclosure. 

Claims 2, 4-7, 9 and 1 2-1 6 are rejected on the same ground as claim 1 . 

4. The following is a quotation of the second paragraph of 35 U.S.C. 112: 

The specification shall conclude with one or more claims particularly pointing out and distinctly 
claiming the subject matter which the applicant regards as his invention. 

5. Claim 17 is rejected under 35 U.S.C. 112, second paragraph, as being indefinite 
for failing to particularly point out and distinctly claim the subject matter which applicant 
regards as the invention. 

Claim 17 depends on claim 8 which is canceled. Therefore claim 17 is indefinite 
as being invalid. Accordingly, the claim 17 has not been further treated on the merits. 

Claim Rejections - 35 USC §103 

The following is a quotation of 35 U.S.C. 1 03(a) which forms the basis for all 
obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set 
forth in section 102 of this title, if the differences between the subject matter sought to be patented and 
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the prior art are such that the subject matter as a whole would have been obvious at the time the 
invention was made to a person having ordinary skill in the art to which said subject matter pertains. 
Patentability shall not be negatived by the manner in which the invention was made. 

The factual inquiries set forth in Graham v. John Deere Co., 383 U.S. 1 , 148 
USPQ 459 (1966), that are applied for establishing a background for determining 
obviousness under 35 U.S.C. 103(a) are summarized as follows: 

1 . Determining the scope and contents of the prior art. 

2. Ascertaining the differences between the prior art and the claims at issue. 

3. Resolving the level of ordinary skill in the pertinent art. 

4. Considering objective evidence present in the application indicating 
obviousness or nonobviousness. 

6. Claims 1-2, 4 and 12 are rejected under 35 U.S.C. 103(a) as being unpatentable 
over Mauk (US Patent 5828088) in view of Wenham et al. (US 47481 30) and further in 
view of Epstein (US Patent 3664874) 

Regarding claim 1 , as seen in Figures 1-3, Mauk teaches a photovoltaic element 
comprising a photon absorber (including layers GaAs substrate, expitaxial layers p-type 
cladding layer, p-type base, n-type emitter); an electrically conductive large-surface 
working element (buried mirrors or reflective mask) made of refractory metals such as 
tungsten (See col. 7 line 60 through col. 8 line 67), wherein the working element is 
aparallelepiped (see figures 1 A-B and 3) and separated from the photon absorber by a 
phase boundary (i.e. different material) and has a greater electron mobility than the 
photon absorber. Mauk also teaches the photon absorber (or solar cell) can be made 
with GaAs or silicon (See col. 3 lines 17-20, col. 7 lines 40-49). 
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Mauk does not teach at least one conductor embedded in the photon absorber, 
the volume ratio of the photon absorber to at least one conductor is in the range of 2-7, 
and the one conductor has essentially the same composition as the working element. 

Wenham et al. teaches forming buried contact layers (metallization of grooves 13 
as seen in Figure 1 , fingers and busbars - See col. 3 line 20 through col. 4 line 55); 
wherein buried contact layers (or instant conductors) are formed on both sides (front 
and back) of the silicon wafer (see sequence B), the ratio of width to depth of the 
grooves for filling the metal material is 1:2-1:7 (see col. 3 lines 41-50), and finger 
spacing is from 1 .5-2. 5mm (see col. 4 lines 1-16). It is found that the volume ratio of 
total conductors (front and back) to the photon absorber (or single crystal silicon 
substrate) to be 2-7. 

Epstein teaches tungsten can be used as electrical contacts on silicon substrates 
(See abstract, col. 1 line 4 through col. 3 line 26). 

It would have been obvious to one skilled in the art at the time the invention was 
made to modify the photovoltaic element of Maulk by having conductors embedded in 
the photon absorber and the volume ratio of the conductors to the photon absorber is 
between 2 to 7 as taught by Wenham et al., and using tungsten as the material for the 
conductors in silicon photon absorber as taught by Epstein, because Wenham et al. 
teaches such conductors would reduce the shading area (see abstract of Wenham et 
al.) and Epstein teaches tungsten would withstand the extreme environment conditions 
of temperature, humidity, vacuum and radiation (See col. 2 lines 18-20 of Epstein). In 
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such combination, the conductors are made of tungsten which is the same composition 
as the tungsten working element taught by Mauk. 

Regarding claim 2, the work element of Mauk is a buried mirror, and is 
substantially electrically insulated from a positive and a negative pole of the photovoltaic 
element (e.g. emitter contact or back contact) 

Regarding claim 4, Mauk teaches the working element (buried mirror of reflective 
mask) running from one side edge (e.g. the front of the page side edge) to the opposite 
side edge (e.g. back of the page side edge) of the solar cell as seen in Figures 1 A-B 
Wenham et al. describes a conductor is formed by filling metal material in a groove with 
cross section as seen in Figures 1 , 2a-c, or the groove is running from the front of page 
to the back of page. Therefore, in the combination of Mauk in view of Wenham et al. 
and Epstein, the working element and the conductor is elongate and substantially 
parallel to each other. 

Regarding claim 12, metal such as tungsten is from the 3.-6. main group and has 
electron configuration of d-layer occupied by ten electrons. The conductivity of tungsten 
is 176.991 x 10 3 Q" 1 cm" 1 (See Tungsten element facts provided by Chemicool.com) 
which is inherently higher than 1.4 Q" 1 cm" 1 . 

7. Claim 5 is rejected under 35 U.S.C. 103(a) as being unpatentable over Mauk in 
view of Wenham et al. and Epstein, and further in view of Wenham et al. (US Patent 
5595607, hereby '607) 
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Mauk in view of Wenham et al. and Epstein teaches a photovoltaic element as 
applied to claims 1-2, 4 and 12 above, wherein Wenham et al. teaches a plurality of 
conductors (e.g. grooves to form front or back contacts- see col. 3 line 20 through col. 4 
line 55). 

Mauk in view of Wenham et al. and Epstein does not specifically teaches a 
positive conductor ending at or protruding beyond a first front side of the photon 
absorber, a negative conductor ending at or protruding beyond a second front side of 
the photon absorber. 

'607 teaches a positive conductor (e.g. metal filled groove 305 connecting to p+ 
material 308 as seen in Figure 1 ) ending at a first front side of the photon absorber and 
a negative conductor (e.g. metal filled groove 309 connecting to n+ material as seen in 
Figure 1 ) ending at a second front side of the photon absorber (See figure 1 ) 

It would have been obvious to one of ordinary skill in the art at the time the 
invention was made to modify the photovoltaic element of Mauk in view of Wenham et 
al. and Epstein by having a positive conductor ending at a first front side of the photon 
absorber and a negative conductor ending at a second front side of the photon absorber 
as taught by '607, because '607 such connecting would provide opposite polarity (e.g. 
positive and negative) interdigitated with each other to minimize photoactive space lost 
as well as providing a current path to interconnecting grooves which interconnect the 
photovoltaic cells at the same time providing for low resistance losses, (see col. 4 lines 
7-29 of '607) 
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8. Claims 6-7, 9 and 1 3-1 6 are rejected under 35 U.S.C. 1 03(a) as being 
unpatentable over Mauk in view of Wenham et al., Epstein and '607, and further in view 
of Warner (US Patent 3994012) 

Mauk in view of Wenham, Epstein and '607 teaches a photovoltaic element as 
described in claims 1 and 5 above, wherein '607 teaches the conductors are embedded 
in the photon absorber and formed on one side of the photovoltaic element (see Figure 
1 of '607) 

Mauk in view of Wenham, Epstein and '607 does not teach two photon absorbers 
are in contact via an abutment surface in which the positive conductors are separated 
from the negative conductors by the abutment surface; or a plurality of positive 
conductors are connected with each other through an omnibus and a plurality of 
negative conductors are connected with each other via a second omnibus conductor; or 
a plurality of photovoltaic elements arranged in a recess wherein the recess is in contact 
with at least one photon absorber; or two photon absorbers have a mutually anti-parallel 
crystal structure. 

With respect to claims 6-7, as seen in Figures 15-20 and 32-33, Warner teaches 
a photovoltaic element having a multi-layer structure, wherein at least two absorbers 
(right and left columns of multilayers of N and P) are provided in contact via an 
abutment surface (or the bottom surface of interconnection 45 as seen in Figures 15-20) 
in which the positive conductors (P+ regions next to the interconnection 45) and the 
negative conductors (N+ regions next to the interconnection 45) are arranged such that 
the positive conductors and the negative conductors are separated from each other by 
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the abutment surface, and the plurality of positive conductors are connected with each 
other through a first omnibus conductor (or interconnection 45 via comb-like extension 
62) and a plurality of negative conductors are connected with each other via a second 
omnibus conductor(or interconnection 45 via comb-like extension 60). 

With respect to claim 9, Warner teaches connecting a plurality of single 
crystalline semiconductors of photovoltaic cells by series/parallel connection (See 
Abstract, col. 16 lines 55-68). In such connection of single crystalline photovoltaic cells, 
the two photon absorbers obviously have mutual anti-parallel crystal structure. 

With respect to claims 13-16, as seen in Figures 15-20 and 27-33, Warner 
teaches a photovoltaic device comprising a receiving element (substrate 40 as seen in 
Figures 27-33) with recesses in which at least one photovoltaic element (columns of P 
and N layers) is arranged, wherein conductors (P+ and N+ regions) present in the 
photovoltaic element are each connected to omnibus conductors (or interconnection 45 
as seen in Figures 15-20). Warner also teaches a plurality of photovoltaic elements 
(absorbers layer of P material and conductors P+ and N+) are arranged in at least one 
recess, wherein the recess is in contact with at least one photovoltaic element (See 
Figures 27-33). Warner further teaches a connecting means (interconnection 45) for 
mechanically and electrically connecting at least two photovoltaic devices arranged side 
by side, wherein a plurality of first connecting conductors (i.e. comb-like extension 62) 
and a plurality of second connecting connectors (comb-like extension 60) are each 
connected with first current conductor (an interconnection 45 as seen in Figure 19) and 
second current conductor (another interconnection 45 as seen in Figure 19). 
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It would have been obvious to one having ordinary skill in the art at the time the 
invention was made to modify the photovoltaic element (or device) of Mauk in view of 
Wenham et al., Epstein and '607 by having absorbers in contact via an abutment 
surface, absorbers in recesses and mechanical and electrical connection as taught by 
Warner, because Warner teaches a photovoltaic cell including all the limitations 
disclosed by Warner and recited above would increase cell efficiency. (See Abstract of 
Warner). It would also have been obvious to connect single crystalline photovoltaic cells 
in series/parallel as taught by Warner to achieve a mutually anti-parallel crystal 
structure, because Warner teaches such connection is suitable configuration. (See col. 
16 lines 55-68). 

Response to Arguments 

Applicant's arguments with respect to claims 1-9 and 11-16 have been 
considered but are moot in view of the new ground(s) of rejection. 

Conclusion 

Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to THANH-TRUC TRINH whose telephone number is 
(571)272-6594. The examiner can normally be reached on 8:30 am - 5:00 pm. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Nam Nguyen can be reached on 571-272-1342. The fax phone number for 
the organization where this application or proceeding is assigned is 571-273-8300. 
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Information regarding the status of an application may be obtained from the 
Patent Application Information Retrieval (PAIR) system. Status information for 
published applications may be obtained from either Private PAIR or Public PAIR. 
Status information for unpublished applications is available through Private PAIR only. 
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 
you have questions on access to the Private PAIR system, contact the Electronic 
Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a 
USPTO Customer Service Representative or access to the automated information 
system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000. 

/Nam X Nguyen/ 

Supervisory Patent Examiner, Art Unit 1753 
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